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CRYOGENIC VESSEL WITH AN ULLAGE 
SPACE VENTURI ASSEMBLY 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 This invention relates to a cryogenic vessel having an interior ullage vessel 

and, more specifically, to a cryogenic vessel having an interior ullage vessel that 
includes a venturi assembly with a fill line passing therethrough or coupled thereto. 

Background Information 

10 Cryogenic liquids, such as liquid natural gas (LNG), nitrogen, oxygen, C0 2) 

hydrogen and the like, are substances that normally exist as gasses, but are liquids at 
cold temperatures. Special vessels and systems must be used to store and transfer 
cryogenic liquids because of difficulty in maintaining the extremely cold 
temperatures. Such vessels typically include a double walled vessel having a vacuum 

15 in the annulus or plenum. While the vacuum provides an effective insulation, the 

insulation is not perfect and, as such heat penetrates the vessel. When heat is added to 
the cryogenic liquid, a portion of the liquid returns to the gaseous state. The gas 
within the vessel increases the internal pressure. Eventually, to prevent over 
pressurization of the vessel, the gas must be vented. It is desirable to prevent, or at 

20 least delay, the venting of the gas. 

One means of delaying the over pressurization of the vessel was to not 
completely fill the vessel with the cryogenic liquid. That is, vessels were filled by 
spraying the cryogenic liquid into the top of the tank via a nozzle. This spray would 
condense the gas in the tank and collapse the pressure head therein. When the 

25 pressure head collapsed, the pressure in the tank was substantially reduced so that the 
cryogenic liquid could flow into the tank. The cryogenic liquid flowed into the tank 
until the cryogenic liquid submerged the nozzle. Once the nozzle was submerged, the 
pressure in the tank would gradually increase because the incoming cryogenic liquid 
was no longer contacting the gas within the vessel and, therefore, unable to collapse 

30 the pressure head. A pressure gage monitored the fill line and the filling procedure 
was automatically shut-off when the pressure in the tank reached a predetermined 
value or at a predetermined flow rate reduction. At this point, the vessel was not 



completely full and an ullage space existed above the level of the cryogenic liquid. 
The ullage space accommodated any cryogenic liquid that was subsequently 
vaporized due to heat penetration. Because the newly vaporized gas had a space to 
fill, the hold time of the tank was increased and venting was delayed. 

Because monitoring pressure in the fill line to determine when the tank was 
filled to the proper point does not always result in the vessel being filled to the same 
level, this system was improved by the addition of an ullage space vessel. The ullage 
space vessel was essentially another vessel having a small opening therein, and which 
was disposed within the cryogenic vessel. During the fill procedure, the small 
opening in the ullage space vessel prevented the ullage space vessel from being filled 
as rapidly as the cryogenic vessel. That is, a small amount of cryogenic fluid would 
seep into the ullage space vessel at a slow rate. This addition of cryogenic liquid to 
the ullage space vessel, as well as the fact the ullage space vessel was surrounded by 
the cryogenic liquid, caused the pressure head in the ullage space vessel to collapse. 
When the cryogenic vessel was filled completely, the cryogenic liquid would back up 
the fill line causing a very noticeable increase in pressure and a decrease in the fill 
rate. At this point the fill procedure stopped. Thus, the cryogenic vessel was 
completely filled while the ullage space vessel was, essentially, empty. The 
cryogenic liquid would continue to seep into the ullage space tank until the fill levels 
were essentially even. As the liquid seeped into the ullage space vessel, an ullage 
space was created above the cryogenic liquid. This ullage space, as well as any vapor 
space in the ullage space vessel, provided a space for any vaporizing liquid to expand. 

This system, however, also has disadvantages. For example, when a vessel 
being refilled is not completely empty, the cryogenic fluid in the ullage space vessel is 
at the same level as the cryogenic liquid in the storage space. Thus, the vapor space 
of the vessel is reduced. This limits the size of the final ullage space and may require 
subsequent venting of gas. 

There is, therefore, a need for a cryogenic vessel with an ullage vessel 
structured to drain any residual liquid while resisting filling with a liquid during the 
filling procedure. 
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There is a further need for a cryogenic vessel with an ullage vessel having a 
fill line with a venturi assembly thereon structured to draw liquid from the ullage 
vessel during the filling procedure. 

5 SUMMARY OF THE INVENTION 

These needs, and others, are met by the present invention that provides a 
cryogenic vessel with an ullage vessel and having a fill line with a venturi assembly 
thereon structured to draw liquid and vapor from the ullage vessel during the filling 
procedure. The ullage space vessel is, preferably, mounted at the top of the cryogenic 

10 vessel. During the initial fill, the ullage space vessel is substantially empty. When 
the cryogenic vessel is re-filled, however, the ullage space vessel is likely to have a 
quantity of cryogenic liquid therein. This ullage space vessel cryogenic liquid gathers 
at the bottom of the ullage space vessel. The fill line for the cryogenic vessel passes 
through the ullage space vessel and exits the ullage space vessel at a low, and 

15 preferably the lowest, point or is coupled to the lowest point. At the point where the 
fill line exits the ullage space vessel, there is a venturi assembly. The venturi 
assembly includes a tubular collar wherein the inner surface of the collar defines a 
conduit having a diameter that is smaller than the fill line diameter. The tubular collar 
further includes a venturi opening extending from the outer surface of the collar to the 

20 conduit. The venturi opening is disposed adjacent to the bottom of the ullage space 
vessel. 

In operation, when the cryogenic liquid flows through the fill line, the shape of 
the venturi assembly causes the speed of the flow to increase as the flow passes 
through the conduit. The speed of the cryogenic liquid through the venturi assembly 

25 creates a low pressure zone. This low pressure zone causes liquid to be drawn from 
the ullage space vessel through the venturi opening into the fill line. This action 
causes the ullage space vessel to be actively drained during the filling procedure 
thereby assuring the ullage space vessel is substantially empty at the end of the filling 
procedure. After the cryogenic fluid is removed from the ullage space vessel, the 

30 venture assembly further draws any high pressure, or saturated, vapor into the fill line. 
The cryogenic liquid surrounding the ullage space cause the pressure head in the 
ullage space vessel to collapse. Thus, the ullage space vessel may be used to 
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accommodate any gas that is evaporated from the cryogenic liquid during storage of 
the liquid. After the filling procedure is complete, any additional cryogenic liquid in 
the fill line drains from the fill line through the venturi opening into the ullage space 
vessel. Additionally gravity will cause cryogenic liquid to backflow through the fill 
5 line and through the venturi opening into the ullage space vessel until the liquid level 
in the cryogenic vessel and the ullage space vessel are in equilibrium. Additionally, if 
cryogenic liquid is withdrawn from through the fill line, a similar low pressure zone is 
created in the venture assembly causing the ullage space vessel to drain. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
A full understanding of the invention can be gained from the following 
description of the preferred embodiments when read in conjunction with the 
accompanying drawings in which: 
15 Figure 1 is an isometric view of a cryogenic vessel according to the present 

invention. 

Figure 2 is a detailed isometric view of the venturi assembly. 
Figure 3 is a schematic view of the present invention including a spray head. 
Figure 4 is a schematic view of an alternate embodiment. 
20 Figure 5 is a schematic view of an alternate embodiment. 

Figure 6 is a schematic view of an alternate embodiment. 
Figure 7 is a schematic view of an alternate embodiment. 
Figure 8 is a schematic view of an alternate embodiment. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As used herein, "fluid" shall mean both a liquid and/or a gas. 
As used herein, the "outer vessel" means the vessel outside of the ullage space 
vessel. The outer vessel may have two or more shells. 

As shown in Figure 1, a cryogenic vessel 10 includes a first, outer vessel 
30 assembly 12 and a second, ullage space vessel 14. The outer vessel assembly 12 

includes a fill line assembly 16, a port assembly 17 and an outer vessel 18 structured 
to hold a cryogenic liquid as is known in the art. That is, the outer vessel assembly 12 



is a double walled vessel with an insulating layer, preferably a vacuum, between the 
layers. The outer vessel 18 defines a storage space 20 that, when filled includes a 
vapor space 2 and a liquid space 4 (Figure 3). The outer vessel 18 further includes a 
vent line 6 and a withdraw line 8. The vent line 6 extends into the vapor space 2 and 
the withdraw line 8 extends to a point adjacent to the bottom of the storage space 20. 
The port assembly 17 allows various lines, such as a vent line, a drain line and the fill 
line assembly 16 to pass through the outer vessel 18. The fill line assembly 16 is 
structured to be coupled to a supply vessel (not shown) to deliver a cryogenic liquid 
into the storage space 20 as described below. 

The ullage space vessel 14 is a single walled second vessel defining an ullage 
space 22. The ullage space vessel 14 is mounted within the outer vessel 1 8 and 
disposed at the top of the outer vessel 18. The ullage space vessel 14 is preferably 
cylindrical, having a sidewall 26 and a first and second end plates 28, 30. The ullage 
space vessel 14 is mounted within the outer vessel 18 with the longitudinal axis 
extending generally horizontally. As used herein, the "bottom" of the ullage space 
vessel 14 refers to the lowest point of the ullage space vessel 14. The ullage space 
vessel 14 has two openings therein; a first opening 32 is located on an end plate, the 
first end plate 28 as shown, and a second opening 34 through the sidewall 26. The 
second opening 34 through the sidewall 26 is disposed at the bottom of the ullage 
space vessel 14. 

The fill line assembly 16 includes a first portion 40, a second portion 42 and a 
venturi assembly 50. The fill line first portion 40 extends from the port assembly 17 
through the storage space 20 and passes through the ullage space vessel first opening 
32. The first opening 32 is sealed about the fill line first portion 40. The fill line first 
portion 40 further extends through the ullage space vessel 14 to the venturi assembly 
50 (described below). The venturi assembly 50 is disposed within the ullage space 
vessel second opening 34 and provides a conduit therethough. The fill line second 
portion 42 is coupled to the venturi assembly 50 outside of the ullage space vessel 14. 
The fill line second portion 42 may have a drain opening 42 A. The distal end 41 of 
the fill line assembly second portion 42 opens into the storage space 20. Each of the 
fill line assembly first portion 40, venturi assembly 50 and fill line assembly second 
portion 42 are in fluid communication with each other so that a cryogenic liquid that 



enters the fill line assembly 16 at the port assembly 17 may travel through the fill line 
assembly into the storage space 20. 

As shown in Figure 2, the venturi assembly 50 includes an elongated tubular 
body 52 having a venturi opening 54 therethrough. The tubular body 52 has an outer 
surface 56 and an inner surface 58 generally having an hour-glass shape. The inner 
surface 58 defines a conduit 60 that extend longitudinally though the body 52. The 
conduit has a first end 62 and a second end 64. The first and second conduit ends 62, 
64 are structured to engage the fill line assembly first portion 40 and fill line second 
portion respectively. The conduit 60 has a first diameter and the fill line assembly 
first portion 40 and fill line assembly second portion 42 each have a second diameter. 
The conduit 60 first diameter is smaller than the fill line second diameter. There may 
be sloped transition portions 66 of the inner surface 58 adjacent to the first and second 
conduit ends 62, 64. The venturi opening 54 extends generally perpendicularly to the 
conduit 60. The venturi opening 54 extends between the outer surface 56 and the 
inner surface 58, that is, through the tubular body 52. The venturi assembly 50 is 
disposed in the second opening 34 so that the venturi opening 54 is disposed adjacent 
to the bottom of the ullage space vessel 14. 

In operation, the filling procedure is as follows. The first time the outer vessel 
assembly 12 is filled, both the outer vessel assembly 12 and the ullage space vessel 14 
are empty. The cryogenic liquid from a supply vessel passes through the fill line 
assembly 16 and into the storage space 20. As shown in Figure 3, the distal end 41 of 
the fill line assembly second portion 42 may include a spray head 44. The spray head 
44 may include a drain opening 44A (Figure 3). When the level of cryogenic fluid in 
the storage space 20 falls below the level of the drain opening 44A, fluid flows from 
the ullage space vessel 14 into the storage space 20. When the cryogenic liquid enters 
the storage space 20 from the fill line assembly second portion 42 or the spray head 
44 the cryogenic liquid, which is typically sub-cooled, i.e. colder than the normal 
storage temperature for the cryogenic liquid, collapses the pressure head in the storage 
space 20. During the fill, cryogenic liquid passing through the venturi assembly 50 
and, more specifically, through the narrow conduit 60, moves at an increased speed 
relative to the flow through the fill line assembly first and second portions 40, 42. 
The increased speed of flow creates a low pressure zone in the venturi assembly 50 
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relative to the pressure in the ullage space vessel 14. As such, the cryogenic liquid 
does not flow out of the venturi opening 54 into the ullage space vessel 14 and, 
instead, the flow of fluid occurs in the other direction. That is, fluid from the ullage 
space vessel 14 is drawn into the fill line assembly 16. When the storage space 20 is 
5 filled with the cryogenic liquid, there is a dramatic increase in pressure in the fill line 
assembly 16 indicating that the outer vessel assembly 12 is full. At this point the 
filling procedure is terminated with the storage space 20 substantially filled with 
cryogenic liquid and the ullage space vessel 14 essentially empty. Because the ullage 
space vessel 14 is single wall and disposed within the filled storage space 20, the 

10 cryogenic liquid causes the pressure head in the ullage space vessel 14 to collapse. At 
this point, gravity causes the cryogenic liquid from within the fill line assembly 16 to 
flow into the ullage space vessel 14. Additionally, cryogenic liquid from within the 
storage space 20 may back flow through the fill line assembly 16 into the ullage space 
vessel 14. Thus, an ullage space, or vapor space 2 exists above the liquid space 4. 

15 The vapor space 2 will accommodate a quantity of vapor that evaporates from the 
cryogenic liquid, thereby delaying the need to vent to gas. 

Cryogenic liquid is withdrawn from the outer vessel assembly 12 through the 
withdraw line 8. While the level of cryogenic liquid is above the distal end 41 of the 
fill line assembly second portion 42 or spray head 44 and the cryogenic liquid is being 

20 withdrawn from the storage space 20, a portion of the cryogenic liquid within the 

ullage space vessel 14 may be siphoned into the storage space 20. Once the level of 
cryogenic liquid falls below the distal end 41 of the fill line second portion 42 or 
spray head 44, any cryogenic liquid within the ullage space vessel 14 drains through 
the drain opening 42A or spray head drain opening 44A. 

25 During a filling procedure where there is cryogenic liquid within the ullage 

space vessel 14 and/or a saturated gas, the venturi assembly 50 acts to empty the 
cryogenic liquid and any vapor from the ullage space vessel 14. That is, as described 
above, the flow of the cryogenic liquid through the venturi assembly 50 creates a low 
pressure zone within the venturi assembly 50. However, because the venturi opening 

30 54 is disposed adjacent to the bottom of the ullage space vessel 14, arid is therefore 
submerged below the level of cryogenic liquid in the ullage space vessel 14, the low 
pressure zone acts to draw the any fluid within the ullage space vessel 14 into the 
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venturi assembly 50. During a filling procedure, the liquid filling the cryogenic 
vessel 10 is sub-cooled and may absorb or condense some of the vapor from within 
the ullage space vessel 14. When the cryogenic liquid or gas from within the ullage 
space vessel 14 passes through the venturi opening 54, the cryogenic liquid or gas, 
5 joins the flow within the fill line assembly 16 and is delivered to the storage space 20. 
Thus, the venturi effect causes the ullage space vessel 14 to be substantially drained 
of all cryogenic fluid and a substantial amount of vapor during the fill procedure. 
When the fill procedure is complete, the substantially empty ullage space vessel 14 
provides the proper amount of ullage space. It is further noted that fluid may also be 

10 withdrawn from the vessel through the withdraw line assembly 16. When this occurs, 
the reverse flow through the venturi assembly 50 also creates a low pressure zone and 
draws fluid from within the ullage space vessel 14 into the fill line assembly 16. 

A schematic representation of the cryogenic vessel 10 described above is 
shown in Figure 3 at a point midway through the filling procedure. The withdraw line 

15 8 is also not shown in Figures 4-8. Figures 4-8 show alternative embodiments of the 
cryogenic vessel 10, accordingly like elements will use the same reference numbers as 
those identified above. In Figure 4, the cryogenic vessel 1 0 is substantially similar to 
the system described above except the cryogenic vessel 10 does not include a vent 
line 6. In Figure 5, the cryogenic vessel 10 includes a vent line 6 that extends into the 

20 ullage space vessel 14 instead of into the storage space 20. In Figure 6, the cryogenic 
vessel 10 includes a vent line that extends into the ullage space vessel 14, and further 
includes a storage space opening 7 whereby gas within the vapor space of the ullage 
space vessel 14 or the storage space 20 may also be vented. As shown in Figure 7, the 
ullage space vessel 14 may have a plurality of openings 43 shown as a second, third, 

25 fourth and fifth openings, 42A, 42B, 42C, and 42D along the bottom of the ullage 
space vessel 14. This embodiment further includes a plurality of venturi assemblies 
5 1 . Each opening of the plurality of openings 43 includes one venturi assembly 50 
from the plurality of venturi assemblies 51. Each venturi assembly 50 extends 
through the bottom of the ullage space vessel 14 and acts as a spray device, thereby 

30 eliminating the need for a spray head 44. 

The cryogenic vessel 10 shown in Figure 8 is different in that the fill line 
assembly 16 does not extend through the ullage space vessel 14. Instead, the fill line 



assembly 16 extends through the storage space 20 below the ullage space vessel 14. 
The fill line assembly 16 still has a first portion 40, a second portion 42 and a venturi 
assembly 50 therebetween. The ullage space vessel 14 has a lower opening 45 
located at the bottom of the ullage space vessel 14. The lower opening is in fluid 
communication with a drain pipe 47. The drain pipe 47 is in further communication 
with the venturi opening 54. The drain pipe 47 is, preferably, short so that the venturi 
assembly is adjacent to the bottom of the ullage space vessel 14. As such, similar to 
the embodiments above, the venturi assembly 50 is structured to remove any fluid 
from within the ullage space vessel 14 during the fill procedure. That is, as cryogenic 
liquid is passing through the fill line assembly 16, the cryogenic liquid passing 
through the venturi assembly 50 creates a low pressure zone that acts to suction any 
fluid out of the ullage space vessel 14. 

While specific embodiments of the invention have been described in detail, it 
will be appreciated by those skilled in the art that various modifications and 
alternatives to those details could be developed in light of the overall teachings of the 
disclosure. For example, the fill line first portion 40 and the fill line second portion 
42 may have different diameters, or, the spray header 44 may be replaced with a 
nozzle, a deflector or other such device. Accordingly, the particular arrangements 
disclosed are meant to be illustrative only and not limiting as to the scope of invention 
which is to be given the full breadth of the claims appended and any and all 
equivalents thereof. 



